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SUMMARY 
Results of ins t rumented  f l igh t  tests of t h e  stall and spin character is t ics  of  a 
modified,   single-engine,   high-wing  l ight  airplane  are  presented. The a i rp l ane  would 
not s ta l l  a t  an i d l e  power s e t t i n g .  The a i rp l ane  w a s  r e l u c t a n t  t o  s p i n  t o  t h e  r i g h t  
and maintaining a s teady spin t o  t h e  l e f t  w a s  d i f f i c u l t .  However, when spins  were 
obtained, the airplane had a r e l a t ive ly  s t eep  sp in  mode (law angle of a t tack)  with a 
high load factor and high velocity.  The airplane  recovered  almost  immediately  after 
any deviat ion from the prospin control  posi t ions,  except  for  one maneuver with 
r e d u c e d  f l e x i b i l i t y  i n  t h e  e l e v a t o r  c o n t r o l  system. Normal control-system f lexibi l -  
i t y ,  e spec ia l ly  in  the  e l eva to r  sys t em,  was found to  inf luence  the  sp in  charac te r -  
istics, poss ib ly  caus ing  the  a i rp l ane  to  make a spontaneous  t rans i t ion  to  a spiral. 
INTRODUCTION 
I n  response  to  the  need  for  improving  the  s ta l l / sp in  charac te r i s t ics  of general  
aviat ion airplanes,  the Nat ional  Aeronaut ics  and  Space  Administration (NASA) has 
i n i t i a t e d  a comprehensive program t o  develop new s ta l l / sp in  technology for  th i s  c lass  
of a i rp l anes   ( r e f .  1 ) .  The program  includes  s ta t ic   wind-tunnel   tes t ing,   spin- tunnel  
testing,  rotary-balance  wind-tunnel  testing,  radio-controlled-model  testing,  analyt-  
i c a l  s t u d i e s ,  and f u l l - s c a l e  f l i g h t  t e s t i n g .  The f l i g h t - t e s t i n g  p a r t  of the  program 
has  used  three,   modified,   general   aviation  airplanes  to  date:  two low-wing a i rp lanes  
( r e f s .  2 and 3) and a high-wing airplane which is the  subject of the  present  repor t .  
This high-wing airplane is being studied because of the  product ion  a i rp lane ' s  re la -  
t i v e l y  good s ta l l / sp in  acc ident  record  compared t o  most l i gh t  a i rp l anes .  (See  
r e f .  4 . )  
The purpose of t h i s  r e p o r t  is t o  document the  sp in  cha rac t e r i s t i c s  of a modified 
high-wing a i rp l ane  by using extensive instrumentat ion and a research  p i lo t .  This  
paper w i l l  not  attempt a de ta i led  ana lys i s  of the data  presented.  The e n t i r e  t e s t  
program consisted of 128 spin maneuvers, of which 26 are described herein with time 
h i s t o r i e s  of pertinent parameters.  U s e  of these data  in  conjunct ion with the rotary-  
balance data given in reference 5 f o r  t h e  same a i rp l ane  may provide a bet ter  under-  
s tanding  of  the  sp in  charac te r i s t ics  of t h i s  a i r p l a n e .  
SYMBOLS 
Measurements a r e  r e f e r r e d  t o  t h e  s e t  of body axes  wi th  the  or ig in  f ixed  a t  the  
a i rp lane  center  of grav i ty ,  as  shown i n  f i g u r e  1. The loca t ion  of t he  o r ig in  of t h i s  
axis system is g iven  in  t ab le  I. 
AR r e su l t an t   l i nea r   acce l e ra t ion ,  d m - ,  g ' s  Y 
Ax,A  ,A l i n e a r   a c c e l e r a t i o n s ,   g ' s  
Y =  
b 
- 
C 
wing  span, m 
mean aerodynamic  chord, m 
Fa lateral  wheel force 18 cm from cont ro l  ax is ,  pos i t ive  for  forces  tending  t o  
r o t a t e  wheel clockwise, N 
Fe 
Fr 
g acce le ra t ion  due t o   g r a v i t y ,  9.81 m/s 
longi tudinal  wheel  force,  posi t ive for  forces  tending to  pul l  wheel  af t ,  N 
sum of  rudder  pedal  forces ,  posi t ive for  forces  tending t o  move r igh t  peda l  
forward, N 
2 
h p r e s s u r e   a l t i t u d e ,  m 
Ix, ILT,Iz moments of i ne r t i a   abou t  body axes, kgom 2 
'man 
P r q r r  
a 
B 
'a 
'th 
e 
Q 
product  of  iner t ia ,  kgom z 
engine speed, rpm 
engine manifold pressure, kPa 
measured r o l l ,  p i t c h ,  and yaw r a t e s ,  p o s i t i v e  f o r  r o l l i n g  r i g h t  wing down, 
pitching nose up, and yawing nose right, deg/s, or rad/s 
ve loc i ty  components  along X, Y, Z axes,   respect ively,  m/s 
ve loc i ty ,  m / s  
ind ica ted  a i r speed  on p i l o t ' s  i n d i c a t o r ,  m/s  
a i rp l ane  body axes  wi th  or ig in  a t  cen ter  of g rav i ty  
angle of a t t ack ,  deg 
combined a i l e ron   su r f ace   pos i t i on  + 6a ,L) /2 ,   pos i t ive   d f lec t ions  
cause  le f tward  ro l l ing  moments, deg 
l e f t  a i l e ron  de f l ec t ion ,  pos i t i ve  fo r  t r a i l i ng  edge  up ,  deg  
r igh t  a i l e ron  de f l ec t ion ,  pos i t i ve  fo r  t r a i l i ng  edge  down, deg 
e leva tor  sur face  pos i t ion ,  pos i t ive  def lec t ions  cause  downward p i t ch ing  
moments, deg 
rudder  sur face  pos i t ion ,  pos i t ive  def lec t ions  cause  le f tward  yawing 
moments, deg 
t h r o t t l e  p o s i t i o n ,  z e r o  a t  i d l e  power and p o s i t i v e  f o r  maximum power, per- 
cent  of f u l l  t r a v e l  
p i t ch  a t t i t ude ,  deg  
r o l l  a t t i t u d e ,  deg 
2 
3, yaw a t t i t u d e ,  deg 
P sp in  rate or to t a l   angu la r   ve loc i ty  of airplane,   \ lp2 + q2 + r - ,  2 deg/s 
2v nondimensional spin rate 
Subscripts:  
L l e f t  wing 
m measured 
R r i g h t  wing 
S s t a l l  
Abbreviations: 
A aga ins t   sp in
c. g. center  of grav i ty  
N neu t r a l  
PLF @ Vi = 0 . 0  m/s power f o r   l e v e l   f l i g h t   a t   i n d i c a t e d   a i r s p e e d  of o o o  m / s  
N.D. no spin  departure  
S.S. steady  spin 
S.T. spontaneous   t rans i t ion   ( f rom  sp in   tosp i ra l )  
T.E. t r a i l i n g  edge 
T.S. t r ans i en t   sp i  
w with  spin
w . r . t .  wi th   respec t   to  
TEST  APPARATUS 
Airplane 
The tes t  a i rp l ane  w a s  a s ingle-engine,  high-wing l ight  a i rplane (f ig .  2)  
modif ied to  accommodate the  in s t rumen ta t ion  r equ i r ed  fo r  t he  t e s t  program. A l ist of 
t he  a i rp l ane ' s  phys i ca l  cha rac t e r i s t i c s  is p r e s e n t e d  i n  t a b l e  I, and a three-view 
drawing of t h e  a i r p l a n e  is p resen ted  in  f igu re  1. 
The basic unmodified airplane had been certif ied under the Civil  Air Regula- 
t i o n s ,  P a r t  3. According t o  t h e  owner's  manual for  the unmodif ied airplane,  spins  
3 
L 
were  an  approved  maneuver  as  long  as  the  airplane  was  operated  in  the  utility  cate- 
gory  and  the  flaps  were  retracted.  Intentional  spins  with  flaps  down  were  explicitly 
prohibited. 
Instrumentation 
The  airplane  instrumentation  system  was  similar  to  the  ones  described  in  refer- 
ences 6 and 7. It  was  capable of recording 36 channels  of  information  and  telemeter- 
ing 16 channels  for  on-the-ground  monitoring to  improve  the  safety  of  flight. 
A list  of  the  recorded  parameters  is  given  in  table 11. The  accuracy  of  these 
measurements  was  considered  to  be  within  2  to 3 percent  of  full  scale  (ref. 6). A l l  
of  the  signal  conditioning  equipment,  the  rate  gyros,  and  the  items  identified  in 
figure 3 were  mounted on a  pallet  which  replaced  the  rear  seat. A boom  was  mounted 
on  each  wing  tip  (fig. 2). A swiveling  miniature  anemometer  was  attached to  the  end 
of  each  boom to  measure  the  direction  and  velocity  of  the  local  airflow  (fig. 4 ) .  
The  anemometer  is  described  in  detail  in  reference 8. In  addition,  potentiometers 
were  located  on  the  control  surfaces  to  measure  control  surface  positions.  Strain 
gages  were  attached  to  the  pilot's  control  wheel  and  rudder  pedals  to  measure 
the  pilot's  control  forces.  This  hardware,  plus  accelerometers  and  attitude  gyros 
mounted  on  the  floor  near  the  pilot's  seat,  completed  the  total  instrumentation 
package. 
The  attitude  gyros  were  designed  to  indicate  zero  when  they  were  uncaged, 
regardless  of  the  airplane's  attitude.  In  order  to  have  the  attitude  referenced as 
closely  as  possible to vertical,  a  careful  uncaging  procedure  was  followed.  The 
pilot  stabilized  the  airplane  in  horizontal  flight  at  Vi = 29  m/s,  leveled  the 
wings,  uncaged  the  gyros,  and  then  began  the  spin  maneuver.  The  airplane  was  nor- 
mally  in  a  slight  nose-up  attitude  in  this  flight  condition,  and  the  mechanical 
uncaging  mechanism  did  not  release  the  gyros  in  the  same  place  every  time. AS a 
result,  there  were  always  biases  in  the  recorded  angles.  In  addition,  the  pitch- 
gyro gimbal  allowed  only  about  f85O  of  attitude  change.  If  the  airplane  pitched  down 
past  the  85O  limit  as  it  often  did  in  the  first  turn  of  a  spin  maneuver,  all  three 
attitudes  were  adversely  affected.  These  gyro  characteristics  and  other  characteris- 
tics  are  more  thoroughly  discussed  in  reference 9. 
A 16-mm movie  camera  was  mounted  under  each  wing to photograph  the  tail  of  the 
airplane  during  the  spin  maneuver  (fig.  2).  The  addition  of  the  wing-tip  booms,  the 
anemometers,  and  the  cameras  and  their  mounts  increased  the  moments  of  inertias 
of  the  airplane.  The  Ix  was  increased  by 23.5 percent, I by almost 1 percent, 
and  Iz  by  13.5  percent  over  the  inertias  of  the  test  airplane  with  these  items 
removed.  The  product  of  inertia  Ixz  was  decreased  about 4 percent  by  the  addition 
of  the  booms. 
Y 
TEST PROGRAM 
A l l  the  tests  were  conducted  at  the NASA Wallops  Flight  Center  in  Virginia. 
This  facility  provided  three  runways  for  emergency  landings,  a  relatively  uncongested 
airspace,  a  tracking  camera  with  an  80-in.-focal-length  lens,  and  extensive  telemetry 
receiving  capabilities.  The  tests  were  conducted  under  the  surveillance  of  ground 
controllers  who  monitored  air  traffic  in  the  vicinity  of  the  tests  and  flight test 
engineers  who  monitored  critical  airplane  parameters  telemetered  from  the  airplane  to 
the  ground.  The  controllers  and  engineers  were in continuous  contact  with  the  pilot 
during  the  tests  to  improve  the  safety  of  flight. 
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Test Maneuvers 
The a i rp l ane  was ope ra t ed  on ly  in  the  u t i l i t y  ca t egory  of t h e  o r i g i n a l  unmodi- 
f i e d  a i r p l a n e  ( f i g .  5) because it w a s  not equipped with a spin recovery parachute.  
Under the  guide l ines  of the present program any maneuver could be attempted as long 
as the airf rame or  engine w a s  not  overloaded.  Thus,  spins  with  the  flaps down were 
attempted even though such maneuvers were explicitly prohibited in the owner's manual 
for  the unmodif ied product ion airplane.  In  addi t ion,  spins  with ai leron def lect ions 
were performed even though such maneuvers were not e x p l i c i t l y  approved. 
E igh t  d i f f e ren t  test va r i ab le s  were considered i n  t h e  i n i t i a l  test  matrix,  as 
shown i n  t a b l e  111. A "standard" test  condition  or  combination  of test va r i ab le s  was 
def ined as shown i n  t h e  t a b l e ,  and a t  l e a s t  one va r i a t ion  of each of t he  e igh t  va r i -  
ab les  w a s  t e s t ed .  I f  t he  va r i a t ion  of one of the var iables  did not  produce a 
spinning maneuver, t h a t  v a r i a b l e  w a s  e f fec t ive ly  e l imina ted  from f u r t h e r  t e s t i n g  i n  
combination  with  other  variables.   Although  this  procedure  usually  eliminates  testing 
of many unin teres t ing  condi t ions ,  some interest ing combinat ions of va r i ab le s  may be 
l e f t  uns tud ied .  
In the present program, 128 maneuvers were flown t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  
of  one bas ic  a i rp lane  conf igura t ion .  Of these  128 maneuvers, 70 were  flown s t r i c t l y  
t o  i n v e s t i g a t e  t h e  v a r i a b l e s  i n  t a b l e  111, 15 to  inves t iga t e  o the r  va r i ab le s ,  and 
43 t o  i nves t iga t e  an  e l eva to r  con t ro l  mod i f i ca t ion .  
Data  Reduction 
All the  data  were reduced using procedures similar t o  t h o s e  d e s c r i b e d  i n  r e f e r -  
ences 6 and 7. The measured v e l o c i t i e s  and  f low d i rec t ions  a t  the  winqt ip  boom 
loca t ions  were corrected for  local  f low condi t ions,  t ransformed into veloci ty  com- 
ponents  u,  v,  and w,  t r ans fe r r ed   t o   t he   cen te r  of grav i ty ,  and  averaged  as shown 
in the appendix.  The average veloci ty  components  were  then  retransformed  into  an 
angle of attack and an angle of s i d e s l i p  a t  t h e  c e n t e r  of grav i ty .  
Biases   were   appl ied   to   the   a t t i tude   da ta  so t h a t  8 and @ would be  zero a t  
t h e  f i r s t  d i g i t i z e d  p o i n t  on the run. The f i r s t  d i g i t i z e d  p o i n t  was used  because 
the  a i rp l ane  was u s u a l l y  i n  i ts  most l e v e l  a t t i t u d e  a t  t h i s  p o i n t .  The f i r s t  p l o t t e d  
p o i n t  i n  t h e  f i g u r e s  was usua l ly  a few s e c o n d s  a f t e r  t h e  f i r s t  d i g i t i z e d  p o i n t  so 
t h a t  t h e  p l o t t e d  a t t i t u d e s  do not  always s t a r t  a t  z e r o .  This procedure w a s  followed 
f o r  a l l  t h e  d a t a  p r e s e n t e d  e x c e p t  t h e  maneuvers which were in ten t iona l ly  en tered  wi th  
l a r g e  r o l l  a t t i t u d e s  and s ides l ip  ang le s .  Although the gyros were still uncaged i n  
a wings- level  condi t ion,  the airplane already had a r o l l  a t t i t u d e  a t  t h e  f i r s t  
d ig i t i zed   po in t  on the  run.  Thus, 4 was not   forced   to   zero  a t  tha t   po in t .  
Instead, an average bias, determined from the maneuvers entered from a wings-level 
a t t i t u d e ,  was a p p l i e d  t o  4 f o r  a l l  t h e  maneuvers entered  with  an  intent ional  ro l l  
a t t i t u d e  . 
RESPONSE CLASSIFICATION 
In  o rde r  t o  summarize t h e  r e s u l t s  of t he  program, the response of t he  a i rp l ane  
w a s  c l a s s i f i ed  in to  fou r  b road  ca t egor i e s .  The c l a s s i f i c a t i o n s  w e r e  based on an 
a r b i t r a r y  d e f i n i t i o n  of a spin:  
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A sp in  is a maneuver i n  which the  a i rp lane  executes  a sus ta ined  
rotat ional  motion with an angle  of  a t tack '  equal  t o  or g rea t e r  t han  
t h e  stall angle  of a t tack .  
Note t h a t  t h e  d e f i n i t i o n  a l l o w s  t h e  c o n t r o l s  t o  b e  i n  any pos i t ion  dur ing  the  sp in .  
In  f ac t ,  a l l  the spins  presented herein have ful l  "prospin controls"  ( i .e. ,  f u l l - a f t  
wheel de f l ec t ions  and fu l l  rudde r -peda l  de f l ec t ions ) .  
The procedure  for  ass igning  one  of  the  four  c lass i f ica t ions  (N.D. ,  S.S., S.T., 
or T.S.) t o  t he  a i rp l ane  r e sponses  w a s  i n  t h e  s t r i c t e s t  s e n s e  a maneuver-by-maneuver 
judgment  of the  au thors ;  however, t he  spirit of t h e  judgments i s  summarizied i n  t h e  
following flow chart .  The time h i s t o r i e s  of t he  a i rp l ane  were f i r s t  examined 
(7 S t a r t  
Examine t i m e  h i s t o r i e s  
i m m e d i a t e l y  a f t e r  
p r o s p i n  c o n t r o l  i n p u t s  
No d e p a r t u r e  
N O  
.L i n t o  s p i n  
(N.D.) 
I Examine t ine h i s t o r i e s  a f t e r   f i r s t   t u r n  I 
L o f  s p i n  
T r a n s i e n t  
No 
s p i n  
( T . S . )  
t r a n s i t i o n  t o  
s p i r a l  
(S.T.) 
~ ~~ ~" 
'The phrase angle of a t tack ,  un less  o therwise  s ta ted ,  is  used t o  d e s i g n a t e  t h e  
2The phrase s ta l l  angle of a t t ack  is used t o  designate  the lowest  angle  of 
angle of a t t ack  a t  the   a i rp lane   c .  9. ) as  determined  in  the  appendix.  
a t t a c k  a t  which the  a i rp lane  executes  a motion which w a s  no t  d i r ec t ly  commanded by 
t h e  p i l o t .  For  example,  the wing may drop  or  the  Z-acceleration may become less 
negative without any direct  command  by t h e  p i l o t .  
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immedia te ly  a f te r  the  prospin  inputs  ( fu l l -a f t  wheel de f l ec t ion  and fu l l  rudde r  
de f l ec t ions )  were made. If  the average value of angle of a t tack  s tayed  below the  
s t a l l  angle of a t t ack  and the  sp in  rate remained below about 50 deg/s,  the response 
the  w a s  c l a s s i f i e d  as N.D., o r  no depa r tu re  in to  a spinning maneuver.  This c l a s -  
s i f i c a t i o n  is  assigned by answering "No" a t  t h e  f i r s t  diamond-shaped decision block 
in  the preceding f low chart .  I f  the ai rplane departed into a spinning maneuver, t h e  
t i m e  h i s t o r i e s  were examined a f t e r  t h e  f i r s t  t u r n  t o  d e t e r m i n e  w h e t h e r  t h e  f l i g h t  
parameters  (angle  of  a t tack ,  sp in  ra te ,  ve loc i ty ,  and  acce lera t ion)  s tab i l ized  wi th  
r e s p e c t  t o  t i m e .  I f  t he  parameters s tab i l ized ,  the  response  w a s  judged t o  be a 
"s tab i l ized   sp in"  (S.S.). (See  the  second  decis ion  block  in   the  f low  char t . )  On t h e  
o the r  hand i f  t he  pa rame te r s  d id  no t  s t ab i l i ze ,  t he  nex t  s t ep  w a s  t o  see whether the 
angle of a t t a c k  d r i f t e d  below t h e  s t a l l  a n g l e  of a t t a c k  and the  sp in  ra te  decreased .  
If  they did not,  the response was judged t o  be a " t rans ien t  sp in"  (T.S.), because 
even though the motion did not stabil ize,  most of t he  wing w a s  still s t a l l e d .  I f  t h e  
angle  of a t t a c k  d r i f t e d  below t h e  s t a l l  and the spin rate  dropped below 50 deg/s the 
response w a s  s a i d  t o  be a "spontaneous transit ion" ( S . T . )  t o  a s p i r a l .  
The  number of t u r n s  r e q u i r e d  f o r  t h e  r e s p o n s e  t o  s t a b i l i z e  o r  t o  make the  t r an -  
s i t i o n  t o  a s p i r a l  w a s  also determined for each maneuver. For example, a maneuver i n  
which the  a i rp lane  was judged t o  d e p a r t  i n t o  a t r ans i en t  sp in  bu t  t hen  to  make the  
t r a n s i t i o n  t o  a s p i r a l  a t  5 tu rns  was c l a s s i f i e d  a s  a "S.T.-5." I f  the maneuver was 
repeated three times with exact ly  the same r e s u l t ,  t h e  c l a s s i f i c a t i o n  would  be 
"3 S.T.-5." 
O c c a s i o n a l l y  i n  t h e  t e s t  program a t r ans i en t  sp in  ( T . S . )  had t o  be prematurely 
t e rmina ted  because  e i the r  t he  p i lo t  o r  t he  f l i gh t - t e s t  eng inee r s  on the  ground f e l t  
t he  a i rp l ane  might  be  overloaded i f  t h e  maneuver was continued.  For  those maneu- 
vers ,  a number  was p l aced  a f t e r  T.S. t o  i n d i c a t e  t h e  number of t u r n s  a t  which t h e  
maneuver w a s  terminated.  If no number appears  a f te r  T.S., it means the  maneuver w a s  
completed as planned. 
All 128 maneuvers  were c lass i f ied  us ing  th i s  procedure ,  and t h e  r e s u l t s  a r e  
presented in  the next  sect ion.  
RESULTS AND DISCUSSION 
S t a l l s  
A few s t a l l  maneuvers were performed before any deliberate spins were attempted 
to  de t e rmine  i f  a s t a l l  was poss ib l e  fo r  a given f l ight  condi t ion,  because a s t a l l  i s  
usua l ly  a p r e r e q u i s i t e  f o r  a sp in .  The second purpose of the s t a l l  maneuvers w a s  t o  
de te rmine  i f  the  a i rp lane  would e n t e r  a spin without moving the rudder from the near- 
neu t r a l  pos i t i on  r equ i r ed  to  en te r  a coord ina ted  s t a l l .  A t i m e  h i s t o r y  of an attempt 
t o  s t a l l  t h e  test  a i rp lane  wi th  an  id le  power s e t t i n g  is  presented i n  f igure  6 .  In  
this wings-level,  slow approach to minimum airspeed,  the airplane reached a maximum 
angle of a t t ack  of only 16O; whereas, about 18O was r e q u i r e d  t o  s ta l l  the  a i rp l ane .  
A higher angle of attack could not be generated because of i n s u f f i c i e n t  upward 
e leva tor  cont ro l  power. The maximum upward e leva tor  def lec t ion  tha t  could  be  
a t t a i n e d  i n  t h e  maneuver was 4 O  less nega t ive  than  tha t  poss ib l e  a t  ze ro  a i r speed .  
The aerodynamic loads on the  e leva tor  s t re tched  the  cont ro l  sys tem,  which w a s  very 
f l e x i b l e  a s  shown in  r e fe rence  7. 
A similar maneuver, except with a maximum power s e t t i n g ,  is shown i n  f i g u r e  7. 
The e f f e c t  of the added power w a s  t o  add an upward p i t ch ing  moment which, along with 
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the  increased  dynamic pressure  a t  t h e  t a i l ,  produced a l a rge r  ang le  of a t tack .  In  
t h i s  maneuver, the ai rplane reached an angle  of  a t tack of  Z O O  t o  21°  and a s t a l l  
break w a s  encountered. The s t a l l  break was re la t ive ly  mi ld  wi th  a gen t l e  p i t ch  down 
and a r o l l  r i g h t  r e s u l t i n g  i n  a t o t a l  a n g u l a r  v e l o c i t y  of only about 35 deg/s. The 
a i rp lane  d id  not  en ter  a sp in ,  bu t  it did change heading about 70° and the right wing 
dropped a maximum of 40°.  
Spin  Response Summary 
The spin-test   responses are summarized  and c l a s s i f i e d  i n  t a b l e  IV.  C la s s i f i ca -  
t i o n s  are presented  for  103 maneuvers.  Another 25 maneuvers  were  performed  which  do 
not f i t  any p a r t  of t he  t ab le .  These  maneuvers w i l l  be discussed only where it is  
deemed appropriate .  
The t a b l e  is organized according to  the maneuver which was in tended  to  be flown 
and  not  according to  the  ac tua l  r e su l t i ng  r e sponse .  For  example, many spin  maneuvers 
were intended t o  s p i n  f o r  6 turns ,  bu t  the  a i rp lane  made a spontaneous t ransi t ion t o  
a s p i r a l  a t  f a r  f e w e r  t u r n s  so t h a t  t h e  maneuver  ended before 6 turns.  Likewise, 
some maneuvers were in tended  to  use  d i f fe ren t  recovery  cont ro l  inputs  a f te r  a planned 
number of tu rns ,  bu t  the  a i rp lane  aga in  made t h e  t r a n s i t i o n  t o  a sp i r a l  be fo re  the  
recovery  inputs  could  be  applied. An examinat ion  of   the  c lass i f icat ion of ind iv idua l  
maneuvers i n  t h e  t a b l e  w i l l  reveal  when t h e s e  s i t u a t i o n s  arise. 
The f i r s t  t h i n g  t h a t  is apparent from the table is  tha t  on ly  a very few of t he  
total  possible  combinat ions were a c t u a l l y  t e s t e d .  The next  th ing  tha t  i s  apparent i s  
t h a t  most of the  s p i n s  were c l a s s i f i e d  a s  e i t h e r  t r a n s i e n t  s p i n s  ( T . S . )  o r  t r a n s i e n t  
sp ins  which spontaneous ly  t rans i t ioned  to  a s p i r a l  ( S . T . ) .  There  were  only  two 
maneuvers l i s t e d  i n  t a b l e  I V  which  were c l a s s i f i e d  a s  s t a b i l i z e d  s p i n s  (S.S.) .  
Another important  point  which is apparent from a closer examination of t a b l e  IV 
is tha t  t he  r e su l t s  o r  c l a s s i f i ca t ions  a re  no t  a lways  r epea tab le  fo r  a given maneu- 
ver .  This  inconsis tency is because of  the arbi t rary nature  of t h e  c l a s s i f i c a t i o n  
procedure and possibly because of smal l  d i f fe rences  in  en t ry  condi t ions ,  p i lo t  con- 
t ro l  manipula t ion ,  or aerodynamic  nonl inear i t ies .   This   lack  of   repeatabi l i ty  w i l l  be 
i l l u s t r a t e d  i n  t i m e  h i s t o r i e s  l a t e r  i n  t h e  r e p o r t .  
The table  should be used as a guide t o  t h e  o v e r a l l  s c o p e  of t he  program a s  w e l l  
a s  f o r  i d e n t i f y i n g  t h e  s p i n  c h a r a c t e r i s t i c s  of the modif ied airplane.  A more 
de ta i led  descr ip t ion  of a few  of the  more r ep resen ta t ive  maneuvers and  responses 
follows. 
One-Turn Spins 
Time h i s t o r i e s  of an attempted 1-turn spin t o  t h e  r i g h t  w i t h  power f o r  l e v e l  
f l i g h t  a t  an ind ica ted  a i r speed  of 29 m / s  ( i . e . ,  PLF @ Vi = 29 m / s )  a r e  shown i n  
f igu re  8. With t h i s  power s e t t i n g ,  it was p o s s i b l e  t o  s t a l l  t h e  a i r p l a n e .  A f u l l -  
r igh t  rudder  def lec t ion  a t  t h e  s t a l l  c a u s e d  t h e  a i r p l a n e  t o  r o l l  o f f  t o  t h e  r i g h t  and 
reach an angular   veloci ty  of 120 deg/s  before  recovery w a s  i n i t i a t e d  a t  1 tu rn .  The 
angle of a t t ack  osc i l l a t ed  abou t  t he  s t a l l  ang le  of a t t ack  of 18O but did not 
s t a b i l i z e  i n  a c l ea r ly  s t a l l ed  r eg ion .  S ince  the  ang le  of a t t a c k  was n o t  s t a b i l i z e d  
and the spin rate  was still inc reas ing ,  t h i s  maneuver was c l a s s i f i e d  as a t r a n s i e n t  
spin (T.S.), a s  shown i n  t a b l e  IV.  The angle of s i d e s l i p  w a s  n e g a t i v e  ( t o  t h e  l e f t ) ,  
o r  oppos i te  the  sp in  d i rec t ion ,  and osc i l l a t ed  abou t  a value of -8O. Afte r  t he  p i lo t  
applied antispin rudder and elevator inputs,  the airplane recovered within about 1 s, 
o r  less than one-half of an additional turn. 
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Time h i s t o r i e s  f o r  a 1-turn spin t o  t h e  l e f t  are shown i n  f i g u r e  9. I n  t h i s  
maneuver, the ai rplane developed a la rger  sp in  ra te  than  tha t  for  the  prev ious  r igh t  
spin,  and the  ang le  of a t t ack ,  wh i l e  exh ib i t i ng  l a rge r  o sc i l l a t ions ,  had a mean value 
almost 5 O  grea ter  than  the  angle  of a t t a c k  f o r  t h e  p r e v i o u s  r i g h t  s p i n .  This mean 
value w a s  c l e a r l y  greater than  the  s ta l l  angle of a t tack .  However, t h i s  maneuver was 
a l s o  c l a s s i f i e d  as a t r ans i en t  sp in  (T .S . )  i n  t ab le  I V ,  because the spin rate  and 
ve loc i ty  were no t  s t ab i l i zed .  Even though the angle of attack w a s  greater and t h e  
s p i n  r a t e  was h igher ,  the  a i rp lane  still recovered within about 1 s a f t e r  t h e  p i l o t  
appl ied recovery control  inputs .  The angle of s i d e s l i p  w a s  aga in  in  the  d i r ec t ion  
opposi te  the spin but  osci l la ted about  a s l i gh t ly  l a rge r  va lue  of 1 2 O .  
Multiturn Spins 
T ime  h i s t o r i e s  of an attempt t o  perform a 6-turn spin t o  the  r igh t  wi th  o ther -  
wise  "standard"  conditions,  as de f ined  in  t ab le  111, are recorded   in   f igure  10. In 
t h i s  p a r t i c u l a r  maneuver, the  sp in  rate reached a maximum of only 85 deg/s compared 
t o  t h e  120 deg/s on the  1- turn  r igh t  sp in  shown i n  f i g u r e  8. The angle  of a t tack  
also did not  reach as  high a value as before and it d id  no t  o sc i l l a t e  nea r ly  a s  
much. I n  f a c t ,  t h e  a i r p l a n e  made a spontaneous t ransi t ion t o  a s p i r a l  b e f o r e  1 tu rn  
was reached. The maneuver was c l a s s i f i e d  a s  S.T. i n  t a b l e  I V .  The reason  for   ' the  
inconsistency  between  f igures 8 and 10 is not known. However, it should be s t a t e d  
t h a t  none of t he  sp in  a t t empt s  to  the  r igh t  remained i n  a sp in  fo r  more than 
3 turns .  They usua l ly  t r ans i t i oned  to  a sp i r a l  be fo re  3 t u rns ,  o r  t he  maneuver was 
discontinued because it w a s  feared  tha t  cont inuing  might  lead  to  a s t r u c t u r a l  
over  load. 
One r eason  fo r  t he  t r ans i t i on  of r i g h t  s p i n s  t o  a s p i r a l  may be apparent from  an 
examination  of  the  elevator t i m e  h i s t o r y  i n  f i g u r e  10. During the spin maneuver from 
approximately 18 s t o  26.5 s on the  t i m e  h i s t o r i e s ,  t h e  p i l o t  was holding the wheel 
f u l l y  a f t  i n  an  a t tempt  to  command fu l l -nega t ive  e leva tor  def lec t ion .  The elevator-  
con t ro l  sys t em f l ex ib i l i t y ,  however,  allowed the  e leva tor  cont ro l - sur face  def lec t ion  
to  gradual ly  become less nega t ive  un t i l  it was l o o  less  negat ive than the value of 
t h e  f u l l  upward d e f l e c t i o n  a t  t h e  s t o p .  The reduced  nose-up moment r e s u l t i n g  from 
this  incremental  loo of e leva tor  def lec t ion  may have helped the airplane make the  
t r a n s i t i o n  t o  a s p i r a l .  
Time h i s t o r i e s  of a 6 - tu rn  sp in  to  the  l e f t  a r e  shown i n  f i g u r e  11. Sixteen 
ex t ra  parameters  a re  inc luded  in  f igure  11, because t h i s  p a r t i c u l a r  s p i n  is consid- 
e r e d  t o  be t y p i c a l  f o r  s p i n s  t o  t h e  l e f t  i n  t h i s  a i r p l a n e .  I n  t h i s  maneuver, t he  
angle of attack remains a degree or two above the s t a i l  v a l u e  a f t e r  a l m o s t  two o s c i l -  
l a t i o n s  d u r i n g  t h e  f i r s t  t u r n .  However, the angle  of a t tack  does  not  rea l ly  s tab i -  
l i ze ,  bu t  s lowly  decreases  unt i l  i ts abrupt drop when recovery inputs were made. 
The angular motion is pr imar i ly  about  the  ro l l  ax is  (p  > r )  because of the  low 
angle of a t t ack  ( s t eep  sp in  mode). The resu l tan t  angular  ve loc i ty  s tab i l izes  a round 
200 deg/s ,  but  the veloci ty  and l i nea r  acce le ra t ion  have  s l igh t  pos i t i ve  g rad ien t s  
throughout  the ent i re  maneuver.  This  maneuver is, therefore ,  an  example  of  what  has 
been  c lass i f ied  as a t ransient  spin (T.S.) ,  a l though it a lmost  s tab i l izes .  The ele- 
vator  def lect ion again becomes less negative as the  sp in  maneuver progresses ,  but  
t h e  change is  only 7 O  compared t o  l o o  for  the  prev ious  r igh t  sp in .  The angle of 
s i d e s l i p  is outward ( to  the  r igh t )  t h roughou t  t h i s  l e f t  sp in .  Dur ing  the  r e l a t ive ly  
s teady  por t ion  of the  sp in ,  the  angle  of s idesl ip  averages about  100 or 1 lo. 
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The appa ren t  d i f f e rence  in  r igh t  and le f t  sp ins  could  be  inf luenced  by the  
l a rge r  change i n  r u d d e r  d e f l e c t i o n  t o  t h e  l e f t .  That is, t h e  s p i n  e n t r i e s  were made 
from a wings- leve l  a t t i tude  wi th  near  zero  s ides l ip  (a coordinated entry).  Maintain- 
ing these condi t ions required about  5 O  of r igh t  rudder  (-5O on t h e  t i m e  h i s t o r i e s )  so 
t h a t  a change of about 24O of rudder t o  t h e  l e f t  w a s  ava i l ab le  , while only about 120 
w a s  a v a i l a b l e  t o  t h e  r i g h t .  However, there  a re  probably  o ther  in f luences  as w e l l ,  
such as the gyroscopic moments produced by t h e  r o t a t i n g  p r o p e l l e r .  A detai led analy-  
sis of t h e s e  e f f e c t s  w i l l  not be made herein.  
An examination of the t i m e  h i s t o r i e s  i n  f i g u r e  11 r evea l s  t ha t  t he  p i lo t  pushed  
the  wheel forward with a force of up t o  300 N during the recovery port ion of t he  
maneuver. Th i s  r e l a t ive ly  l a rge  fo rce  was because of the  recovery  ve loc i ty  of more 
than 75 m / s  and t h e  f a c t  t h a t  t h e  wheel force had been trimmed t o  z e r o  a t  29 m / s  
p r io r  t o  en te r ing  the  sp in .  Th i s  push  fo rce  was t y p i c a l  of the forces used during 
the recovery of the  o ther  sp in  maneuvers i n  t h i s  r e p o r t .  
A comparison of the spin in figure 11 wi th  the  sp ins  for  two o t h e r  l i g h t  a i r -  
p l a n e s  i l l u s t r a t e s  some fundamental   d i f ferences,   as  shown i n  t a b l e  V. The present  
sp in  is r e l a t ive ly  s t eepe r  (has  a lower angle of attack),  has a s l i gh t ly  h ighe r  sp in  
ra te ,  has  a h ighe r  ve loc i ty  ( compared  to  the  s t a l l  ve loc i ty ) ,  and  has  a h igher  l inear  
acce lera t ion .  The most  notable of t h e  d i f f e r e n c e s  t o  t h e  p i l o t  w a s  the  h igher  l inear  
acce lera t ion  and velocity  (as  sensed  through  cockpit   noise).   These  conditions  are 
usua l ly  a s soc ia t ed  wi th  uns t a l l ed  f l i gh t  and  could  lead  the  p i lo t  to  be l ieve  tha t  the  
a i rp lane  was i n  a spiral  because he had no way t o  s e n s e  t h a t  t h e  a n g l e  of a t t ack  was 
grea te r  than  the  s t a l l  angle of a t t ack .  
Time h i s t o r i e s  of a 1 0 - t u r n  s p i n  t o  t h e  l e f t  a r e  p r e s e n t e d  i n  f i g u r e  12. 
Although the  p i lo t  in tended  to  mere ly  ex tend  the  maneuver shown i n  f i g u r e  11 for  an  
ex t r a  3 o r  4 t u rns ,  t he re  are s l igh t  d i f f e rences  in  the  a i rp l ane  r e sponse .  By the  
s ix th  turn ,  a l l  the  parameters  descr ib ing  the  a i rp lane  mot ion  have  s tab i l ized .  After 
8 tu rns ,  t he  sp in  r a t e  began decreasing  slowly. Of the  128 s p i n  maneuvers  executed 
dur ing  th i s  program,  th i s  par t icu lar  maneuver  most near ly  became a completely stabi-  
l ized  spin.   Evident ly   there  was  ome sub t l e  d i f f e rence  in  the  t e s t  cond i t ions  which 
made the  a i rp lane ' s  f ina l  response  more s t a b l e .  One poss ib le  d i f fe rence  is the  rud- 
der  def lec t ion ,  which was about 1.7O less than  tha t  fo r  most other  spins .  
Owing t o  t h e  n a t u r e  of the mechanical stop on the rudder ,  it w a s  v e r y  d i f f i c u l t  
t o  a c c u r a t e l y  s e t  a repeatable  rudder  t ravel .  The product ion airplane was supposed 
t o  be  rigged t o  17044'flO of rudder  t rave l ,  bu t  rudder  def lec t ions  of 20° were of ten  
obtained. The p i lo t  cou ld ,  by vary ing  h is  rudder  k ick ,  ge t  d i f fe ren t  rudder  def lec-  
t i ons  even though he intended t o  make "ful l"  rudder  inputs  every t i m e .  
Ef fec t  of Engine Power 
The e f f e c t  of engine power on t h e  s p i n  c h a r a c t e r i s t i c s  is shown i n  f i gu res  13, 
14, and 15 for   3- turn,   lef t -spin maneuvers  with i d l e  power, PLF (3 Vi = 29 m / s ,  and 
maximum power. A t  t h e  test  a l t i t u d e  and a i rp lane  speed ,  the  re la t ive  power s e t t i n g s ,  
a s  ca l cu la t ed  from the engine manufacturers performance charts, are 44 percent and 
68 percent of the  engine ' s  maximum ra t ed  power f o r  PLF (3 Vi = 29 m / s  and maximum 
power respec t ive ly .  The id le  condi t ion  w a s  off  the  lower  end  of  the  performance 
char t s .  For t h e  i d l e  power condi t ion ,  the  s imul taneous  def lec t ion  of the  rudder  with 
maximum upward elevator  def lect ion produced no angular  rotat ion and no s p i n  o r  s p i r a l  
motion.  (See f i g .  13. ) With i d l e  power, it w a s  no t   poss ib le   to   genera te   an   angle  of 
a t tack high enough t o  s t a l l  t h e  wing  and, thus,  no sp in  was poss ib le .  
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With PLF @! Vi = 29 m/s and maximum power, a s p i n  t o  t h e  l e f t  c o u l d  be  gener- 
ated.   (See  f igs.  14 and  15.) The sp ins  were p rac t i ca l ly   i den t i ca l   excep t   t ha t   t he  
spin angle  of a t t ack  w a s  3 O  or 4 O  h i g h e r  f o r  t h e  s p i n  a t  maximum power. The higher 
power levels apparently produced an upward p i tch ing  moment which generated higher 
angles of a t t ack  ( the  PLF @! 29 m/s condition was also  able   to   produce  an  angle  of 
a t t ack  lo  o r  2 O  higher  than  the  id le  power condi t ion) .  An angle of a t t ack  a t  l e a s t  
a s  h igh  a s  the  s t a l l  ang le  of a t t ack  is, of course,  required for  enter ing a spin.  
Increasing power a l so  produced  prospin  t rends  for  sp ins  to  the  r igh t .  However, 
t he  a i rp l ane  would sp in  to  the  r igh t  on ly  wi th  maximum power. (See table IV(a1.1 
Apparently the aerodynamic upward p i t ch ing  moment produced by t h e  power was more 
important than the downward p i tch ing  moment produced by the gyroscopic  effects .  
Effect  of Ailerons i n  the Spin 
Time h i s t o r i e s  of l e f t  s p i n s  i n  which t h e  p i l o t  d e f l e c t e d  t h e  a i l e r o n s  r i g h t  
(aga ins t  the  sp in)  and l e f t  (w i th  the  sp in )  a re  shown i n  f i g u r e s  16 and 17, respec- 
t ively.   In  both  maneuvers,   the  pilot   delayed  the  aileron  inputs  about 1 s from the  
t ime he appl ied ful l -up elevator  and ful l - lef t  rudder .  The p i l o t  t h o u g h t  t h a t  t h e  
delay gave the  a i rp l ane  a bet ter  chance of spinning, because it allowed the airplane 
t o  develop some yawing ve loc i ty .  However, t he re  is no gross  d i f fe rence  in  the  
selected parameters of t he  t i m e  h i s t o r i e s  when the  p i lo t  d id  not  de lay  the  a i le ron  
input.  Compare f igu re  18 w i t h   t h e   f i r s t   t h r e e   t u r n s  of f i g u r e  17. 
When t h e  p i l o t  d e f l e c t e d  t h e  a i l e r o n s  a g a i n s t  t h e  s p i n  ( f i g .  1 6 ) ,  t h e  a n g u l a r  
velocity reached a maximum value of only 75 deg/s  compared t o  200 deg/s  for  neutral  
a i le ron   sp ins   (e .g . ,   f ig .  1 1 ) .  The angle of a t t ack ,  however, a t t a i n e d  a r e l a t i v e l y  
high  value of 26O or  2 7 O ,  u n t i l  it dropped  abruptly  about 13O a f t e r  one turn .  The 
angle of s i d e s l i p  is increased from its usual  loo to  1l0 value for  the neutral  
a i l e rons   sp in   ( f ig .  1 1 )  t o  w e l l  over 200.  
The airplane response was e n t i r e l y  d i f f e r e n t  when the  a i l e rons  were def lec ted  
with  the  spin.   (See  f ig.  17. ) In t h i s  maneuver, t he   sp in   r a t e   ro se   d rama t i ca l ly   t o  
a maximum value of over 250 deg/s while the angle of attack slowly decreased until  
it was about 16O, compared t o  an  angle of a t tack  of about 18O a t  t h e  s t a l l .  The 
local  angle  of a t tack  a t  t h e  r e t r e a t i n g  ( l e f t )  wing,  however, was  much higher than 
t h e  s t a l l  v a l u e ,  so  t h a t  a l a r g e  p a r t  of the  wing was still s t a l l e d .  These consid- 
e r a t i o n s  i l l u s t r a t e  t h e  d i f f i c u l t y  i n  c l e a r l y  d i s t i n g u i s h i n g  t h e  d i f f e r e n c e  between 
a spin and a sp i ra l .  S ince  the  angle  of a t t ack  was r e l a t i v e l y  c l o s e  t o  t h e  s t a l l  
( t h e  l i f t  c o e f f i c i e n t  was near i t s  maximum) and the  ve loc i ty  was increasing,  the 
l i f t  f o r c e  became large and caused the accelerat ion to  reach a maximum of 3.39. As 
the  veloci ty  increased throughout  the maneuver, the  e leva tor  def lec t ion  cont inued  to  
become less  negative.   Immediately  before  the  pilot  made the   recovery   inputs ,   the  
e l eva to r  de f l ec t ion  was 13O less  negat ive than the value of the  def lec t ion  a t  t h e  
full-up stop. The reduced  nose-up command due t o  t h e  f l e x i b i l i t y  of the control  sys-  
tem undoubtedly contributes to,  if  not causes,  the decreasing angle of attack noted 
above. The angle of s i d e s l i p  is reduced t o  a near-zero value in the developed spin 
which is cons is ten t  wi th  the  s ides l ip  angles  noted  ear l ie r  for  neut ra l  a i le rons  
( f i g .  11 )  and a i l e rons   aga ins t   sp ins   ( f ig .   16 ) .  
There w a s  one other  apparent  difference in  the responses  i n  f i gu res  16 and 17. 
There was a s t r o n g  o s c i l l a t i o n  imposed on the  sp in  ra te ,  angle  of a t t ack ,  and l i n e a r  
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acceleration  responses,  especially  at  the  start  of  the  maneuver  with  ailerons  to  the 
left.  These  oscillations  have  a  period  of  about  2 s after-the first  turn,  which is 
the  same  as  the  turn  rate. 
The  pilot  felt  the  oscillations  in  the  airplane  response  mainly  as  a  heaving 
motion.  This  heaving  motion  could  potentially  lead to  an  overload  of  the  airplane  as 
shown  in  figure 19. In  this  maneuver,  the  pilot  was  attempting  to  repeat  the  maneu- 
ver  shown  in  figure 17 for  an  extra 3 turns  to  a  total  of 9 turns,  but  there  was  a 
different  response at  about  5  turns.  At  that  time,  the  spin  rate  started  dropping 
and  there  was  a  rapid  increase  in  acceleration  as  the  retreating  wing  unstalled. 
The  Z-accelerometer  in  the  instrument  package  was  driven  past  its  limit  of 
-49,  but  the  normal  acceleration  on  the  pilot's  cockpit  instrument  reached  a  maximum 
of  5.29  and  the  airplane  was  operating  near  maximum  weight  for  the  utility  category. 
Although  the  limit  maneuver  load  factor  was 4.4, a  careful  inspection  of  the  airplane 
revealed  no  structural  damage,  and  flight  tests  were  continued. 
This  maneuver  graphically  illustrates  the  danger  of  structurally  overloading  and 
possibly  damaging'the  airplane  by  continuing  a  spinning  maneuver  which  has  an 
increasing  velocity.  The  reason  for  the  airplane  overloading  during  the  maneuver  in 
figure 19 but  not  for  the  maneuver  in  figure 17 may  be  the  slight  differences  in  the 
aileron  sequencing  of  entry  control  inputs. 
When  the  importance  of  ailerons  became  apparent,  a  few  extra  maneuvers  were 
performed  with  special  aileron  positions  during  the  spin.  (See  the  top  section  of 
table  IV(b).)  Since  it  was  noticed  that  the  trim  position  of  the  ailerons  was  gener- 
ally  a  few  degrees  to  the  left  (as  shown  in  fig. 11, for  example),  a  few  right  and 
left  spins  were  attempted  with  a  slight  (partial)  right  aileron  input  at  spin  entry. 
Although  the  magnitudes  of  these  inputs  were  strictly  a  judgment  of  the  pilot,  the 
results  seem  to  indicate  that  the  usual  slightly-to-the-left  aileron  trim  position 
was  not  responsible  for  the  basic  differences  between  right  spins  and  left  spins. 
It  was  also  noticed  that,  because  of  the  flexibility  in  the  aileron  control 
system,  the  ailerons  (especially  the  aileron  on  the  down-going  wing)  drifted  in  the 
direction  which  would  tend  to  increase  the  roll  rate.  This  drift  occurred  in  spite 
of  the  fact  that  the  pilot  generally  applied  increasing  force  in  the  opposite 
direction  as  he  attempted  to  maintain  a  constant  lateral  wheel  position.  Therefore, 
a  left  spin  was  attempted  in  which  the  pilot  made  conscious  right-wheel  inputs  in  an 
attempt  to  cancel  the  usual  drift  to  the  left  and  thus  hold  the  ailerons  constant. 
Again,  the  magnitude of each  input  was  determined  purely  by  the  judgment  of  the 
pilot,  and  the  airplane  continued  to  spin  to  the  left  just  about  like  it  had  when 
the  ailerons  drifted  left. 
Response  to  Recovery  Control  Inputs 
In  general,  the  airplane  recovered  very  quickly  when  recovery  control  inputs 
were  made.  When  the  normal  recovery  inputs  of  opposite  rudder  followed  by  nose-down 
elevator  were  applied,  the  angle  of  attack  dropped  below  the  stall  value  and  the 
airplane  quit  spinning  within  about  one-half  of  an  additional  turn  or 1 s. In  addi- 
tion,  if  any  one  of  the  controls  was  disturbed  from  the  prospin  position,  the  air- 
plane  tended  to  decrease  its  spin  rate  and  lower  its  angle  of  attack.  For  example, 
when  the  pilot  made  the  down-elevator  input  (to  a  near  neutral  position)  while  main- 
taining  the  rudder  to  the  left  (at  approx.  23.5 s in  fig.  20),  the  angle  of  attack 
dropped  almost  immediately  and  the  spin  rate  started  a  precipitous  drop  about  0.5 s 
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later. Likewise,  the spin rate and angle of attack started dropping immediately when 
t h e  p i l o t  a p p l i e d  a rudder-only recovery input (fig.  21), and the recovery was 
complete i n  a t o t a l  of about 2 s. Even an a i l e ron  inpu t  i n  the  oppos i t e  d i r ec t ion  of 
the spin (from the normal  near-neutral  posi t ion)  caused the spin rate  to  drop 
immediately,   then  the  angle  of  at tack  dropped  (fig.  22 ) .  The f a c t  t h a t  t h e  a i l e r o n s  
still produced a r o l l i n g  moment i n  t h e  normal d i r ec t ion ,  even i n  t h e  s p i n  maneuver, 
i m p l i e s  t h a t  a t  l e a s t  t h e  a d v a n c i n g  wing was i n  an unstal led condi t ion.  This 
speculat ion is  supported by the  measured angle of attack a t  the advancing wing t i p ,  
such  a s  in  f igu re  11. Because  of t h e  h i g h  r o l l  rate i n  t h e s e  steep spins ,  the angle  
of a t t ack  on the advancing wing w a s  usual ly  very l o w ,  often around O o .  The l o c a l  
angle  of a t t ack  on t h e  r e t r e a t i n g  wing t i p  w a s  approximately 45O, meaning t h a t  t h e  
r e t r e a t i n g  wing w a s  completely s ta l led.  
When the  p i lo t  s imply  re leased  a l l  the  cont ro ls ,  the  angle  of attack immediately 
decreased, but the spin rate momentarily increased before decreasing, as shown i n  
f i g u r e  23. The angle of a t tack decreased because the elevator  moved t o  about -50, 
which is near ly  the  same posi t ion the pi lot  normally used for  recovery.  The sp in  
rate increased momentarily because the ailerons deflected in a prospin  d i rec t ion  
because of the hinge moment which caused  the  a i l e ron  d r i f t  d i scussed  in  the  p rev ious  
sect ion.  After the  angle  of a t t ack  and the  sp in  ra te  decreased  s igni f icant ly ,  the  
a i le ron  abrupt ly  moved back t o  a near-neutral  posit ion without any pilot  input. '  This 
movement may have been a r e s u l t  of the change i n  flow conditions on the outboard por- 
t i o n  of t h e  r e t r e a t i n g  wing when it uns ta l led .  
Another i l l u s t r a t i o n  of how exact  condi t ions must be maintained in  order  to  keep 
t h e  a i r p l a n e  i n  a sp in  is shown i n  f i g u r e  24. I n  t h i s  p a r t i c u l a r  maneuver, t h e  p i l o t  
r educed  the  th ro t t l e  t o  its i d l e  power p o s i t i o n  a f t e r  3 t u r n s ,  o r  a t  a b o u t  25 s on 
the  f igure .  From t h i s  t i m e  onward, the angle  of a t t ack  and s p i n  ra te  s lowly 
decreased unt i l  about  3.5 s ,  o r  2 t u r n s ,  l a t e r  when the  a i rp l ane  made t h e  t r a n s i t i o n  
t o  a s p i r a l  motion.  Thus, t h i s  a i r p l a n e  had t o  have  power, e l eva to r ,  a i l e ron ,  and 
rudder  cont ro l led  in  a c e r t a i n  manner t o  e n t e r  and maintain a spin.  Other  a i rplanes 
may r equ i r e  p rec i se  con t ro l  i npu t s  t o  en te r  t he  sp in .  However, once i n  t h e  s p i n ,  no 
amount of control  manipulation w i l l  s top  the  spin.   (See  ref .  1 0 . )  
Effect of E n t r y  Condition 
A few entry-to-spin maneuvers were attempted from turns and from steady-heading 
s ides l ip s .  (See  t ab le  IV(c ) . )  A t u rn  is  indica ted  by a r o l l  a t t i t u d e  i n  t h e  t a b l e  
because  the  p i lo t  t r ied t o  judge  h is  tu rn  by using a g i v e n  r o l l  a t t i t u d e  ( o r  bank 
ang le ) .  A s p i n  t o  t h e  l e f t  e n t e r e d  from a r i g h t  t u r n  i s  shown i n  f i g u r e  25. The 
tu rn  rate w a s  so h igh  tha t  there  was p r a c t i c a l l y  no excess  e leva tor  ava i lab le  when 
the  a i rp l ane  w a s  s t a l l e d  and the rudder w a s  def lec ted .  S ince  the  r igh t  tu rn  requi red  
a little l e f t  a i l e r o n  t o  maintain the bank a n g l e ,  t h e  p i l o t  t r i e d  t o  c e n t e r  t h e  
a i l e rons  du r ing  sp in  en t ry  to  make sure  the  a i le rons  were neut ra l ized  dur ing  the  
spin.  The center ing of  the ai lerons delayed the bui ldup of t he  sp in  rate s l i g h t l y ,  
but it w a s  p o s s i b l e  t o  e n t e r  a spin.  
A s p i n  t o  t h e  l e f t  e n t e r e d  from a l e f t  t u r n  is shown i n  f i g u r e  26. T h i s  l e f t  
turn did not have a tu rn  rate as  high as the  r igh t  tu rn  and  the  gyroscopic  e f fec t  of 
t he  p rope l l e r  w a s  i n  t h e  upward p i tch ing  ra ther  than  the  downward p i t ch ing  d i r ec t ion ,  
so t h a t  t h e r e  was  more excess  e l eva to r  ava i l ab le  a t  t he  s ta l l .  The a i l e rons  were 
a l so  not  def lec ted  t o  t h e  r i g h t  enough to  r equ i r e  cen te r ing .  The a i rp lane ,  there-  
fore ,  en te red  a s p i n  t o  t h e  l e f t  q u i t e  r e a d i l y .  The c h a r a c t e r i s t i c s  of the  sp in  were 
similar t o  those of a spin entered with the wings l eve l .  
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When t h e  p i l o t  a t t e m p t e d  t o  e n t e r  a l e f t  s p i n  from a s teady-heading s idesl ip  t o  
the  r igh t ,  t he  a i rp l ane  s imply  en te red  a s low turn toward the r ight  with no sp in  
departure .   (See  f ig .  27.) There w a s  s u f f i c i e n t   e l e v a t o r  power t o  generate  a s ta l l  
angle of a t tack,  but  the rudder  input  did not  generate  a sp in  depar ture .  One pos- 
s ib le  explana t ion  is t h a t  t h e  p i l o t  had t o  use about 2.5O less r ight  rudder  (-3.00 
ra ther  than -5.5O) t o  main ta in  the  s ides l ip  t o  t h e  r i g h t .  Thus, t h e r e  was a smaller 
change i n  r u d d e r  p o s i t i o n  t o  t h e  l e f t  t o  g e n e r a t e  a spin.  This  speculat ion is sup- 
ported by the  l e f t - sp in  en t ry  from a l e f t  s i d e s l i p  ( f i g .  2 8 ) .  Although t h e  l e f t  
s i d e s l i p  was not  s tab i l ized  before  the  prospin  cont ro ls  were appl ied ,  there  w a s  a 
l a rge r  change in  rudde r  pos i t i on  t o  t h e  l e f t  a v a i l a b l e  t o  make the  a i rp lane  sp in .  
The r e s u l t  was a depa r tu re  and  sp in  to  the  l e f t  even though the pi lot  centered the 
a i l e rons  (made a r i g h t - a i l e r o n  i n p u t )  d u r i n g  t h e  f i r s t  t u r n  of the  sp in .  
When r i g h t  s p i n s  were attempted from turns and sideslips,  the airplane w a s  
judged t o  e i t h e r  n o t  d e p a r t  o r  t o  make t h e  t r a n s i t i o n  t o  a spiral a f t e r  a b o u t  1 tu rn .  
(See  tab le  I V ( c ) . )  In other words, no entry condi t ions were found  which  would  over- 
come t h e  a i r p l a n e ' s  n a t u r a l  r e s i s t a n c e  t o  a r igh t  sp in .  
Spins With Flaps Down 
Although spins with flaps down were prohib i ted  in  the  owner ' s  manual of t h e  
unmodified  airplane,  a few spin maneuvers  were  performed  with  the  flaps down. (See 
tab le  IV(d)  for  a summary.) The a i rp lane  would not  depart  with f laps  down and a 
t h r o t t l e  s e t t i n g  f o r  i d l e  power.  With a t h r o t t l e  s e t t i n g  t o  p r o d u c e  l e v e l  f l i g h t  
@ Vi = 22 m / s ,  t he  a i rp l ane  would d e p a r t  b o t h  t o  t h e  r i g h t  a n d  t o  t h e  l e f t  ( f i g s .  29 
and 30,  r e spec t ive ly ) .  The power r equ i r ed  to  p roduce  th i s  f l i gh t  cond i t ion  was 
approximately equal t o  t h e  maximum power the engine could produce a t  t h e  test  a l t i -  
tude and  speed ( 6 0  percent  of t he  maximum rated power).  However, the  ve loc i ty  
b u i l t  up rap id ly  in  both  maneuvers so t h a t  t h e  p i l o t  had t o  t e r m i n a t e  t h e  maneuvers 
in  order  to  prevent  exceeding the maximum permissible  speed with f laps  down, 
Vi = 45 m / s .  The d e p a r t u r e  t o  t h e  l e f t  w a s  a l i t t l e  more rapid and had larger  osci l -  
l a t i o n s  of angle of a t tack with a higher mean va lue  than  the  depar ture  to  the  r igh t .  
In  fact ,  the  angle  of  a t tack for  the r ight  spin w a s  equa l  t o  o r  l e s s  t han  the  s ta l l  
angle of a t t a c k  f o r  a t  l e a s t  t h e  5 s immediately  before  the  recovery  inputs. Even 
though the angle of attack w a s  low dur ing  th i s  t ime ,  t he  sp in  r a t e  w a s  cont inuing  to  
increase.  Thus, by the  c lass i f icat ion  procedure  given earlier, the  response would be 
c l a s s i f i e d  a s  a " t ransient  spin,"  because only the angle  of a t t a c k ,  and not the spin 
r a t e ,  had d r i f t e d  below the threshold values .  The rapid bui ldup of airspeed pre- 
ven ted  fu r the r  t e s t ing  of the f laps-down spin character is t ics .  
Reduced Elevator Control System F l e x i b i l i t y  
Because  of the apparent  inf luence of e l eva to r  con t ro l  sys t em f l ex ib i l i t y  on t h e  
s p i n  c h a r a c t e r i s t i c s ,  a d d i t i o n a l  t e s t s  were made wi th  the  e leva tor  cont ro l  cab les  
t igh tened  to  approximate ly  e ight  t imes  normal  tens ion  to  reduce  f lex ib i l i ty .  (See  
t a b l e  I V ( e ) . )  With the  cables  t igh tened ,  the  e leva tor  genera l ly  s tayed  in  a more 
nega t ive  pos i t i on ,  bu t  t he  sp in  cha rac t e r i s t i c s  were usual ly  indis t inguishable  f rom 
the previous spins .  ( See f i g s .  3 1 and 32, f o r  example,  compared t o  f i g s .  10 and 11, 
d i scussed  ear l ie r . )  
One spin maneuver was d i f f e r e n t ,  however. (See  f ig .  3 3 . )  I n   t h i s  maneuver, t he  
p i l o t  r o t a t e d  t h e  wheel approximately 45O to  the  l e f t  t o  p roduce  nea r ly  one -ha l f  of 
t h e  t o t a l  a i l e r o n  d e f l e c t i o n  i n  t h e  d i r e c t i o n  of the spin. The maneuver proceeded as 
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might  be expected for  the f i rs t  3 or 4 tu rns .  That is, the  acce le ra t ion ,  ve loc i ty ,  
and spin rate  were increas ing  and  the  e leva tor  def lec t ion  w a s  becoming s l i g h t l y  less 
negat ive because of  the remaining control  system f lexibi l i ty .  After  the fourth turn,  
however, t he  a i rp l ane  may have s t a r t e d  t o  change t o  a new spin mode. It s t a r t e d  t o  
p i t c h  up, the  angle  of a t t a c k  and yaw r a t e  s t a r t e d  t o  i n c r e a s e ,  and the  ve loc i ty  
s t a r t e d  t o  decrease.  The e l e v a t o r  a l s o  moved i n  a more nega t ive  d i rec t ion ,  which 
ind ica ted  a dec rease  in  dynamic p r e s s u r e  a t  t h e  t a i l  o r  a change i n  downwash angle. 
The p i l o t  made h i s  normal recovery inputs a t  the 6- turn point  as  planned,  but  
the airplane did not respond immediately.  The pi lot  then put  forward pressure on the  
wheel (normally he merely lessened back pressure) and held full-opposite rudder until  
the  a i rplane recovered.  The total  recovery took about 2 tu rns  to  comple te  as  com- 
pared t o  the one-half  turn for  a l l  o ther  sp ins .  The r e a s o n  f o r  t h i s  d i f f e r e n t  
response is  not fully understood and could not be fur ther  invest igated because of the  
lack of a sp in  chute 'on  the  a i rp lane .  It is  possible that the combination of 
decreased  e leva tor  cont ro l - sys tem f lex ib i l i ty ,  PLF, and the  one-half   ai leron  input 
is responsible.  Further tests are needed i f  t h e  r e a l  r e a s o n  is  t o  be ascertained. 
CONCLUDING =MARKS 
Spin  charac te r i s t ics  of a high-wing, single-engine light airplane have been 
documented.  Although t h e  c h a r a c t e r i s t i c s  were  not  always  exactly  repeatable, 
some general  t rends were apparent.  The a i rp l ane  would no t  s t a l l  o r  sp in  wi th  an 
i d l e  power s e t t i n g .  With  power s e t t i n g  s u f f i c i e n t  t o  p r o d u c e  l e v e l  f l i g h t  a t  
Vi = 29 m / s ,  the  a i rplane could be s ta l led,  but  it would general ly  spin only to  the 
l e f t .  ( A  spin was def ined  here in  as  a sus t a ined  ro t a t iona l  maneuver with  angle of 
a t t a c k  e q u a l  t o  o r  g r e a t e r  t h a n  t h e  s t a l l  a n g l e  of a t t a c k . )  The l e f t  s p i n s  were 
general ly  s teep ( low angle  of attack),  high-speed, and  high-load-factor  maneuvers 
which remained t r a n s i e n t  f o r  5 or  6 t u r n s  o r  which spontaneously transit ioned t o  a 
sp i r a l  d ive .  The airplane usual ly  recovered within one-half  turn af ter  control  
inputs  of any k i n d  ( rudder ,  e leva tor ,  a i le ron ,  or  any  combination  thereof)  were 
applied.  The a i l e r o n s  were  found t o  be very inf luent ia l  on t h e  s p i n  c h a r a c t e r i s t i c s ,  
increas ing  the  sp in  rate for  a i le rons  wi th  the  sp in  and  decreas ing  the  rate f o r  
a i l e rons  aga ins t  t he  sp in .  The a i rp l ane  would s p i n  t o  t h e  l e f t  o u t  of e i t h e r  r i g h t  
o r  l e f t  t u r n s ,  b u t  it would on ly  sp in  l e f t  ou t  of l e f t  s i d e s l i p s .  The flaps-down 
sp in  cha rac t e r i s t i c s  cou ld  no t  be fully explored because of the  h igh  ve loc i t ies  
developed i n  t h e  f i r s t  t u r n  of the  maneuver. The f l e x i b i l i t y  of the control systems, 
espec ia l ly  the  e leva tor  sys tem,  was found t o  i n f l u e n c e  t h e  s p i n  c h a r a c t e r i s t i c s ,  
poss ib ly  caus ing  the  a i rp l ane  to  make a spontaneous  t rans i t ion  to  a s p i r a l .  A number 
of maneuvers were performed with s l ight ly  reduced elevator  control  system f lexibi l i ty  
and, although most maneuvers were re la t ive ly  unaf fec ted ,  one  maneuver  seemed t o  be 
changing t o  a new sp in  mode which required 2 t u rns  to  e f f ec t  r ecove ry .  
Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
September 22, 1981 
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APPENDIX 
DATA  RJ3DUCTION  EQUATIONS 
These  equations  were  used  to  calculate  the  velocity,  angle of attack,  angle of 
sideslip,  and  linear  accelerations  at  the  airplane  center of gravity. 
Flow-direction  correction  and  position  error  corrections  (empirical  constants 
based  on  observations in straight  and  level  flight): 
Calculation  of  velocity  components  at  the  airplane  center  of  gravity: 
uR = VR cos aR cos B, - (-0.82q - 5.41r) m / s  
v = V  sin f3, + (-0.82~ - 1.70r) m/s 
wR = VR sin aR cos BR - (5.41~ - 1.7Oq) m/s 
= VL cos aL cos R, - (-0.82q + 5.41r) m / s  
R R 
v = V  sin 8, + ( - 0 . 8 2 ~  - 1.701-1 
wL = VL sin aL cos PL - (-5.41~ - 1.7Oq) m/s 
L L m/s 
p, q, and  r  are  in  rad/s  and  the  constants  (1.70,  k5.41, -0.82) are  the x, y, 
and z offsets,  in  m, of the a and fl sensors  from  the  airplane  center  of 
gravity. 
Calculation of velocity,  angle  of  attack,  and  angle  of  sideslip  at  the  airplane 
center  of  gravity: 
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APPENDIX 
Calcula t ion  of l i nea r  acce le ra t ion  a t  t h e  a i r p l a n e  c.g.: 
1 + -[-0.0671(r 2 + q 2 ) - O . O 3 8 O ( p q  - G) - 0.5232(rp + 411 Ax = Ax,m 
1 - 
- Ay,m 2 + -[O.O671(pq + G) + 0.0380(p2 + r2) - 0.5232(qr - i)] 
1 - 
- Az,m + -[0.0671(pr 2 - 6 )  - O.O38O(qr + b) + 0.5232(q2 + p2)1 
where p, q, and r are i n  rad/s; G, 4, and are i n  rad/s2; and  the  constants  
(-0.0671,  0.0380,  .5232) are i n   t h e  x, y, z offsets, i n  m, of t h e  accelerom- 
eters from t h e   a i r p l a n e  c. g. 
17 
REFERENCES 
1. Chambers, Joseph R.: Overview  of Stall/Spin  Technology. AIAA-80-1580, 
Aug. 1980. 
2. S ta f f  of  Langley  Research  Center:  Exploratory  Study  of  the  Effects  of Wing- 
Leading-Edge Modifications on t h e  Stall/Spin Behavior of a Light General 
Aviation  Airplane. NASA TP-1589, 1979. 
3. O'Bryan, Thomas C.; Edwards, Thomas E.; and  Glover,  Kenneth E.: Some Resul ts  
From t h e  U s e  of a Control Augmentation System To Study the Developed Spin of a 
Light  Plane. A I M  Paper 79-1790, Aug. 1979. 
4. Si lver ,  Brent  W. : S t a t i s t i c a l  A n a l y s i s  of  General  Aviat ion Stal l  Spin Acci- 
dents .   [Preprint]  760480, SOC. Automot. Eng., Apr. 1976. 
5. Bihr le ,  William, Jr.; and  Hultberg, Randy S.: Rotary  Balance Data f o r  a Typical 
Single-Engine General Aviation Design for an Angle-of-Attack Range of 8 O  t o  
90°. I - High-Wing  Model B. NASA CR-3097, 1979. 
6. Cannaday, Robert L.; and Su i t ,  William T.: Ef fec ts  of Control  Inputs on t h e  
Estimation of S t a b i l i t y  and Control Parameters of a Light Airplane.  
NASA TP-1043, 1977. 
7. S ta f f  of t h e  F l i g h t  Dynamics Branch:  Measurement  of the  Handl ing  Character is t ics  
of Two Light  Airplanes. NASA TP-1636, 1980. 
8. Kershner,  David D.: Miniature  Flow-Direction  and  Airspeed  Sensor  for  Airplanes 
and  Radio-Controlled Models i n  Spin  Studies. NASA TP-1467, 1979. 
9. Sliwa,  Steven Mark: A Study  of Data Extraction  Techniques  for U s e  i n  General 
Aviation  Aircraft  Spin  Research. M.S. Thesis,  The George  Washington  Univ., 
Sept . 1978. 
IO. Stough, H. P., 111; and Patton, J. M . ,  Jr.: The Ef fec t s  of Configuration Changes 
on Spin and Recovery Charac t e r i s t i c s  of a Low-Wing General Aviation Research 
Airplane. AIAA Paper 79-1 786, Aug. 1979. 
18 
TABLE I . . PHYSICAL  CHARACTERISTICS OF AIRPLANE 
Mass m a t  test  condi t ions.  kg ................................................. 894 
Moments of i n e r t i a :  
Ix. kg-m 2 .................................................................... 1929 
I kg-rn2 .................................................................... 1971 
1:; kg*m 2 .................................................................... 3121 
Ixz. kg*m2 .................................................................... 133 
( . I ~ )  ......................................................... .4 . o X 10-4 
Center of g rav i ty  loca t ion :  
Longitudinal ( w . r . t .  leading  edge of E). percent  E .......................... 22.7 
Lateral ( w . r . t .  c e n t e r l i n e ) .  c m  .............................................. -3.8 
Vertical ( w . r . t .  water l ine.  see f i g  . 1). c m  ................................. -21.9 
Engine : 
Type ................................................................... 4 cyl inder  
Power. kW @ 2700 rpm ........................................................ 111.9 
Propel ler :  
Type ........................................................ 2 b lades .  f ixed  p i tch  
Diameter. m .................................................................. 1.91 
Pitch.  m ..................................................................... 1.35 
Air fo i l  ..................................................................... RAF-6 
Moment of iner t ia   about   sp i n ing   ax is .  kg-m 1.55 2 ................................. 
Overall dimensions: 
Span. m ..................................................................... 10.91 
Length. m .................................................................... 8.20 
Height. m .................................................................... 2.68 
Wing: 
2 Area. m .................................................................... 16.17 
Span. m ..................................................................... 10.91 
Root chord. m ................................................................ 1.63 
Tip  chord. m ................................................................. 1.13 
Mean aerodynamic  chord. m .................................................... 1.48 
Aspect r a t i o  ................................................................. 7.36 
Dihedral.  deg ................................................................ 1.73 
Incidence : 
Root. deg .................................................................. 1.5 
Tip.  deg ................................................................... -1.5 
A i r f o i l  s e c t i o n  ......................................................... NACA 2412 
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TABLE I. - Concluded 
H o r i z o n t a l  t a i l :  
2 Area, m ..................................................................... 
Span, m ...................................................................... 
Root  chord, m ................................................................ 
T i p  chord, m ................................................................. 
Aspect r a t i o  ................................................................. 
Incidence,  deg ............................................................... 
Air fo i l  s ec t ion :  
Root .................................................................. NACA 
T i p  ................................................................... NACA 
3.35 
3.45 
1.25 
0.81 
3.56 
-3.5 
0009 
0006 
V e r t i c a l  t a i l :  
Area, m'! ..................................................................... 1.04 
Span, m ...................................................................... 2.03 
Control  surface maximum de f l ec t ions :  
Elevator,   deg ............................................ 28 T.E. up, 23 T.E. down 
Aileron,  deg ............................................. 20 T.E. up, 15 T.E. down 
Rudder,  deg ................................................. 17.7 l e f t ,  17.7 r i g h t  
Flap,  deg ......................................................... 0, 40 T.E. down 
Elevator  t r i m  tab,  deg ................................... 28 T.E. up, 13 T.E. down 
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TABLE 11.- mASUREMENT LIST SHOWING ENGINEERING UNITS 
EQUIVALENT TO M A X I M U M  AND M I N I M U M  TRANSDUCER  VOLTAGES 
Parameter 
Right  airspeed, VR,m 
Left   a i rspeed,  VL,m 
Right  angle of a t t ack ,  a R , m  
Left   angle  of a t t ack ,  aL,m 
Right  angle  of  sideslip,  @R,m 
Left  angle of s i d e s l i p ,  
Al t i tude ,  h 
X-axis acce lera t ion ,  A 
Y-axis acceleration, 
Z-axis acceleration, 
Ro l l   r a t e ,  p 
P i t ch   r a t e ,  q 
Yaw r a t e ,  r 
Ro l l   a t t i t ude ,  @ 
P i t c h   a t t i t u d e ,  8 
Yaw a t t i t u d e ,  (I, 
Right  a i leron posi t ion,  
Le f t   a i l e ron   pos i t i on ,  ba,L 
Eleva tor   pos i t ion ,  6, 
Rudder pos i t ion ,  6, 
Elevator  t r i m  t a b  p o s i t i o n  
Flap pos i t i on  
Throt t le   pos i t ion ,   6 th  
Longitudinal wheel pos i t i on  
Latera l  wheel force,  Fa 
Longitudinal wheel force,  Fe 
Rudder pedal   force,  Fr 
Engine  speed, n' 
Manifold  pressure, pman 
A i r  temperature 
Impact pressure  
I m 
z ,m 
AY r m  
Units T Range 
Min. 
(0 V )  
0 
0 
-20.0 
-18.0 
-61.3 
-60.0 
-161.5 
-1.1 
-1.1 
-3.9 
-291.5 
-90.6 
-227.0 
-179.9 
-88.5 
-180.1 
-20.5 
-17.2 
-28.9 
-18.2 
-36.4 
0 
-9.7 -. 9 
-156.0 
-446.0 
-669.0 
0 
0 
255.2 
0 
Max. 
(5 V )  
80.0 
80.1 
81.0 
79.7 
59.9 
61.  1 
2886.3 
1.0 
.9 
.6 
291.6 
91 e6 
227.2 
180 1 
88.3 
181.2 
18.0 
30.4 
25.4 
20.3 
10.5 
39.4 
101.0 
18.8 
156.0 
446.0 
669 0 
2910.0 
103.2 
310.8 
3.44 
2 1  
TABLE 111. - IDEAL TEST MATRIX 
Research var iable  
Flaps 
Power 
Direc t ion  of sp in  
R o l l  a t t i t u d e  a t  sp in  en t ry  
Angle of s i d e s l i p  a t  sp in  en t ry  
Aileron posi t ion during spin 
Number of t u r n s  
Recovery con t ro l  i npu t s  
Number of va r i a t ions  ( type  of v a r i a t i o n ) *  
2 ( U p ,  dawn) 
3 (PLF, i d l e ,  maximum) 
2 ( L e f t ,   r i g h t )  
3 ( O O ,  -30°, 30°) 
3 (00, -100,  1 0 0 )  
3 (Neut ra l ,   wi th ,   aga ins t )  
3 ( 3 ,  1, 6 )  
5 (Rudder  and elevator ,  rudder  only,  
e leva tor  on ly ,  cont ro ls  neut ra l ,  
c o n t r o l s  f r e e d )  
*The f i r s t  v a r i a t i o n  l i s t e d  i n  each parenthesis  is cons ide red  to  be  the  
"standard" test condition. Thus, a s tandard  spin m e t  the   fol lowing  condi t ions:  
f l aps  up, PLF, l e f t   s p i n ,  Oo r o l l ,  Oo s i d e s l i p ,   n e u t r a l   a i l e r o n s ,  3 turns ,   wi th  
rudder and elevator recovery controls.  
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TABLE 1V.- M A N E W R  SUMMARY AND CLASSIFICATION 
5 Maximum power PLF @ 29 m / s  Minimum power Recovery 
c o n t r o l  
i n p u t s  
krection 
of  
s p i n  
. .. 
Right  
L e f t  
Right 
L e f t  
Right 
L e f t  
Right 
L e f t  
~ ~- 
~~ ~ 
Right 
L e f t  
Right 
L e f t  
Right  
L e f t  
~~ ~ ~ 
Right  
L e f t  
Right 
L e f t  
" ~- 
Right  
L e f t  
Right  
L e f t  
Right 
L e f t  
Right 
L e f t  
Right  
L e f t  
Right 
L e f t  
~. . ~ ~. 
- ~ ~- 
~ 
A i l e r o n  p o s i t i o n  A i l e r o n  posit io A i l e r o n  p o s i t i o n  n l  
~ 
A N 
~ 
A 
- 
W W A N 
?udder 
on 1 y 
Plevator  
on ly  
Rudder  and 
e l e v a t o r  
T.S.-li 
T.S. 
" 
T.S. 
T.S. 
;.T.-2 
T.S. 
T.S. 
T.S. 
T.S. 
I .D . ,  S.T.-1; 
T.S.-3 
?.S., T.S.-4 
T.S.-43 
N.D. 
i.T.- 3 T.S. 
2 SST.-1 2 N.D< 
N.D. 
i.T. 
i .T.  
Contro ls  
n e u t r a l  
T.S. 
T.S. 
Cont ro ls  
f r e e d  
S.T.-1 
T . S .  
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TABLE 1V.- Continued 
(b) Flaps  up, PLF @ Vi = 29 m / s ,  4 = 0, p = o , 
6 tu rns  p l anned  
I D i r e c t i o n  I A i l e r o n   p s i t i o n   d u r i n g   s p i n  
s p i n   P a r t i a l l y   w i t h  
Right  N.D., S.T. -2, 
L e f t  
Right  T.S.-2 
L e f t  
Right 
L e f t  
T.S.-3 
Right  
L e f t  
D i r e c t i o n  
s p i n  
1 L e f t  Right  
. - 
Recovery 
- c o n t r o l  
i n p u t s  J 
Rudder 
and 
elevator 
Aileron 
only 
" 
Power 
reduct ion  
@ 1 t u r n  
". ._ 
Power 
reduct ion  
@ 3 t u r n s  
( c )  F laps  up, PLF @ Vi = 29 m/s, a i l e r o n s   n e u t r a l ,   r u d d e r  
and  e l eva to r  r ecove ry ,  3 t u r n s  p l a n n e d  
Bank a n g l e  
-300 00 30° 
1 
S.T.-1 N.D. N.D. S.T.-ld 
T.S. T.S. N.D. T.S. 
N.D., S.T.-l, 1 S:T.-l+ 1 N.D. 1 S.T.-1 1 N.D. 
S.T.-17 1 
24 
N u m b e r  
of  
t u r n s  
p lanned  
3 
6 
. 
D i r e c t i o n  
of 
s p i n  
Right 
L e f t  
Right 
L e f t  
Right  
L e f t  
TABLE N.- Concluded 
( d )   F l a p s  down, 6 = 0 ,  B = 0 e n t r i e s  
Maximum power 
A i l e r o n  p o s i t i o n  
PLF (3 29 m / s  Recovery Minimum power 
. 
A i l e r o n  p o s i t i o n  A i l e r o n  p o s i t i o n  
c o n t r o l  
i n p u t  
W A N W A N 
T.S. Rudder N.D. 
N.D. and T.S.  T.S. 
e l e v a t o r  
( e )  Reduced f l e x i b i l i t y  i n  e l e v a t o r  c o n t r o l  s y s t e m ,  f l a p  u p s  
D i r e c t i o n  
of 
s p i n  
~________ . - .. 
Right 
L e f t  
Right 
L e f t  
Right  
L e f t  
Maximum power 
A i l e r o n  p o s i t i o n  
S.S.-6 
P1F @ 29 m / s  Minimum power 
i n p u t s  A i l e ron  pos i t i on  A i l e r o n  p o s i t i o n  
c o n t r o l  
Recovery 
~ ~ ~ ~ _ _ _ _  
W N A W  N 
T.S. 
N.D. T.S. 
T.S. 
S.T.-12 1 
T.S. 
N.D, 2 S.T.+I 
S.T.-ll  S.T.-li 
6 T.S. 
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TABLE V.- COMPARISON OF SPIN CHARACTERISTICS  FOR  SELECTED SPINS OF  THREE AIRPLANES 
Airplane 
( a )  ( b )   ( b )  
High wing ( p r e s e n t )  
Low wing ( r e f .  8, app. F, 
23  18 PLF L e f t  
42 16 I d l e  Right 
t ime h is tory  1)  
LOW wingC ( r e f .  3 )  29 16 I d l e  Right 
Q, 
deg/s 
200 
.. 
150 
160 
vS 
m/s  
~ 
28 
34 
36 
53 
36 
49 
Aileron 
p o s i t i o n ,  
percent  
20 l e f t  
. -~ 
~- 
100 r i g h t  
100 l e f t  
AR' 
9' s 
2 .7  
1.4 
2.1 
~ 
Pb/2V 
~~ 
0.36 
.24 
.28 
- 
a A l l  t h e s e  a i r p l a n e s  h a v e  f u l l  r u d d e r  d e f l e c t i o n s  i n  t h e  d i r e c t i o n  of the  sp in ,  and  full-commanded 
nega t ive  e l eva to r  de f l ec t ions .  The d i f f e r e n c e  i n  s p i n  d i r e c t i o n  i n  t h e  p r e s e n t  c o m p a r i s o n  is not  thought  
t o  be s i g n i f i c a n t  for t h e  two a i rp lanes  re ferenced .  Those two a i r p l a n e s  h a d  e s s e n t i a l l y  t h e  same s p i n  
c h a r a c t e r i s t i c s  f o r  e i t h e r  d i r e c t i o n  of spin.  
bThe angle  of a t tack values  have been corrected for  upwash. 
CSorne parameters from unpublished data. 
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Figure 1 . -  Three-view drawing of test  airplane. Dimensions are i n  meters. 
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L-81-227 
Figure 2. - Test airplane. 
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Figure 3. - Instrumentation pallet. 
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Figure 4.- Boom-mounted f l o w  d i rec t ion  and  ve loc i ty  sensor .  
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Figure 5.- Mass and longitudinal c.g. location of test airplane plotted on 
loading diagram for unmodified production airplane. 
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Time, s 
Figure 6.- Stall characteristics with idle power. 
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Figure 7.- S t a l l  c h a r a c t e r i s t i c s  w i t h  maximum power. 
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Figure 7.- Concluded. 
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F i g u r e  8.- One-turn right s p i n  w i t h  PLF (3 Vi = 29 m/s. 
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Figure 8.- Concluded. 
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Figure 9.- One-turn l e f t  s p i n  w i t h  PLF @ Vi = 29 m / s .  
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Figure 10.- A t t e m p t  t o  perform 6- turn  r igh t  sp in  wi th  PLF @ Vi = 29 m / s .  
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Figcre 10. - Concluded. 
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Figure 1 1  .- Six- turn  le f t  sp in  wi th  PLF @ Vi = 29 m / s .  
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Figure 11. - Continued. 
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Figure 11.  - Continued. 
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Figure 11  .- Continued. 
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Figure 1 1 .- Concluded. 
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Figure 12.- Ten-turn left  spin  with PLF @ Vi = 29 m/s. 
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Figure 12 .- Concluded. 
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Figure 13.- Attempted  3-turn left  spin with idle p o w e r .  
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Figure 13.- Concluded. 
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Figure 14. - Three-turn l e f t  spin with PLF @ Vi = 29 m/s. 
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Figure 15.- Three-turn l e f t  sp in  with maximum power. 
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with PLF 6' Vi = 29 m / s .  
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Figure 18.- Three-turn l e f t  s p i n  u s i n g  a i l e r o n s  t o  l e f t  w i t h o u t  d e l a y ;  
PLF @ Vi = 29 m/s .  
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Figure 19.- Concluded. 
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Figure 20.- Elevator-only recovery from 3-turn l e f t  s p i n  w i t h  PLF @ Vi = 29 m / s .  
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Figure 20. - Concluded. 
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Figure 21.- Rudder-only  recovery from 3-turn l e f t  spin with 
PLF @ Vi = 29 m/s. 
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Figure 21 .- Concluded. 
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Figure 22.- Ailerons-only recovery from  6-turn l e f t  s p i n  with PLF @ Vi = 29 m/s. 
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Figure 22.- Concluded. 
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Figure 23. - Controls-released recovery from 3-turn l e f t  s p i n  with PLF @ Vi = 29 m / s .  
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Figure 23 .- Concluded. 
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Figure 24.- Power reduct ion a t  3 t u rns  of l e f t  s p i n  s t a r t i n g  w i t h  PLF @ Vi = 29 m / s .  
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Figure 24.- Concluded. 
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Figure 26 .- Concluded. 
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Figure 27.- Concluded. 
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Figure 28.- Spin entry f r o m  l e f t  s i d e s l i p  i n t o  l e f t  spin. 
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Figure 29.- Flaps-down,  1-turn r igh t  sp in  wi th  PLF @ Vi = 22 m/s. 
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Figure 29 .- Concluded. 
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Figure 30 .- Flaps-down, 1-turn l e f t  s p i n  w i t h  PLF @ Vi = 22 m/s. 
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Figure 30.- Concluded. 
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Figure 31.- Reduced f l e x i b i l i t y  i n  e l e v a t o r  c o n t r o l  s y s t e m ;  
attempted 6-turn right spin with PLF @ Vi = 29 m/s .  
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Figure 31. - Concluded. 
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Figure 32 .- Concluded. 
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Figure 33.- Reduced flexibility in elevator control  system; planned 
6-turn spin to left using one-half aileron deflection to left with 
PLF @ Vi = 29 m/s. 
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